Objective: To demonstrate how maladaptive emotion regulation (ER) can lead to diabetes distress (DD), with subsequent effects on management and metabolic outcomes among adults with type 1 diabetes. Methods: Data are based on pre-intervention assessment for a random controlled trial to reduce DD. Patients were recruited in California, Oregon, Arizona and Ontario, Canada. After screening and consent, patients completed an online assessment and released their most recent laboratory HbA1C. Structural equation modeling was used to define an ER measurement model and test for significant pathways. Results: Three ER mechanisms combined into a single construct: emotion processing, non-judgment of emotions, non-reactivity to emotions. Models indicated a significant pathway from ER and cognitions to DD to disease management to metabolic control. Conclusions: As hypothesized, the three ER mechanisms formed a single, coherent ER construct. Patients with poor ER reported high DD; and high DD was linked to poor diabetes management and poor metabolic control. Practice implications: Identifying both the level of DD and the ER mechanisms that lead to high DD should be explored in clinical settings. Helping T1Ds to become more aware, less judgmental and less reactive behaviorally to what they feel about diabetes and its management may reduce DD.
Introduction
Diabetes distress (DD) refers to the ongoing worries, fears and burdens associated with managing a chronic disease like diabetes over time [1] . It is significantly associated with poor disease management and poor glycemic outcomes, it tends to be chronic as opposed to episodic, and its point-prevalence among both type 1 (T1D) and type 2 adults is approximately 40% [2] [3] [4] [5] . DD, therefore, remains a significant clinical concern.
Despite traditional approaches through education and behavior change [6] , relatively little is known about how best to intervene clinically to address DD, in part because there is little understanding of the underlying emotional mechanisms that lead to the development and chronicity of DD. For example, why are some patients able to modulate the emotional effects of ongoing disease-related burdens, fears of complications and worries about health care from affecting their quality of life and disease management, whereas others with similar life circumstances and similar disease management demands find themselves emotionally distressed and burdened [7] ? Knowing more about what leads to these differences can assist in the development of new, novel and informed interventions.
This report addresses this question in two ways. First, we identify potential mechanisms of emotion management from the literature and determine empirically if they can be combined into an underlying latent construct or unitary emotion regulation (ER) composite. Second, we test a framework that outlines the pathways through which this ER construct is linked to DD, and how DD relates to diabetes self-management and to glycemic outcomes. These analyses are important for two major reasons.
First, describing the relationship between ER and DD will enable clinicians to identify patients at risk for DD over time. Second, identifying these mechanisms and their pathways of operation will permit the development of targeted interventions that address ER directly to prevent or reduce DD among adults with diabetes.
Emotion regulation and diabetes distress
Research indicates that people do not passively experience their emotions. Instead, they actively try to modulate or regulate them [8] . For example, an adaptive response to a diagnosis of a diabetes complication might be to mobilize physical and cognitive resources. A maladaptive response, however, might be to become paralyzed, ruminative, or impulsive [9] . "Emotion regulation" is a term used to capture the range of both conscious (top-down) and automatic (bottom-up) mechanisms that people use to manage the emotional reactions they experience in response to threats, burdens, and fears. There are a host of definitions of ER tied to different theoretical approaches [10] ; however, we define ER as efforts made implicitly or explicitly to influence the experience, expression and effects of emotions [11] .
A long and complex research literature has evolved that describes the primary adaptive and maladaptive aspects of ER [10] . An overview of this literature suggests that maladaptive ER can lead to chronic negative affect, as in DD. This negative affect narrows cognitions, reduces creative thinking, and promotes negative self-judgments [9] . Thus, an escalating cycle occurs over time to up-regulate negative affect and down-regulate positive affect.
ER is considered distinct from personality and use of specific ER mechanisms within individuals tends to be stable over time [10, 12, 13] . Furthermore, ER interacts directly with cognitive processes, such that the mood that results as a function of ER influences subsequent perceptions and judgments, and affects selective attention and cognitive flexibility. These "mood congruent biases" also affect information processing, problem solving, and the interpretation and meaning of newly received information [7] . Thus, cognitive processes and ER mechanisms are jointly linked with DD. Interestingly, the ER-mood relationship is directional: ER affects mood, but not vice versa [14] .
The effects of ER on health and well-being have been extensively documented [10, 14, 15] . In diabetes, maladaptive ER has been linked to less frequent blood glucose monitoring, more hypoglycemic episodes, elevated HbA1C, and more problematic self-care behaviors [13, 16] . The implicit top-down or bottom-up regulatory choices one makes over time, combined with cognitive processes, directly affects the experience of emotional burden (DD), which, in turn, has a direct impact on disease management and glycemic outcomes [16] . We outline this framework graphically in Fig. 1. 
Which ER processes are most related to DD?
A number of studies have documented specific ER mechanisms that are linked to the emergence of negative affect (high DD) and poor disease management behavior. These include: lack of selfcompassion (not treating the self with understanding and delivering harsh self-criticism), lack of mindfulness (not accepting events as they are and then over-or underreacting), viewing events as a reflection of self-worth, lack of self-empathy, unawareness, lack of clarity and low tolerance of emotion, unwillingness to engage with emotion (impulsive reactions), rumination or suppression of emotion, and a narrow repertoire of responses to those circumstances that caused the emotion [14, [17] [18] [19] [20] . In contrast, primary adaptive ER mechanisms can be summarized as: awareness, mindfulness, clarity, acceptance, and understanding of emotion, self-compassion and self-empathy, and a readiness and ability to act planfully. These mechanisms have become the basis for a number of measurement instruments used in clinical research [21] and they have been used as primary targets for interventions to enhance adaptive ER responses [22] .
Overview
DD results in large part as a function of an inability to selfregulate one's ongoing emotional response to the burdens, strains and specific fears associated with diabetes management over time. Maladaptive ER mechanisms include increased levels of rumination, negative self-evaluation, impulsivity, and avoidance that increase DD, which, in turn, affect disease management and metabolic outcomes.
The hypothesized linkages between ER and DD, and the subsequent effects of this relationship on disease management and level of HbA1C, have not as yet been tested empirically in diabetes. Documentation of these linkages is critical because it enables the development of informed interventions to reduce or prevent DD by targeting those maladaptive ER mechanisms that lead to DD. In Fig. 2 we expand upon the framework presented in Fig. 1 by adding diabetes-specific variables that enable a comprehensive test of the potential processes involved. In preparation for testing the framework, we first describe the construction of an empirical or latent ER measurement construct that captures some of the critical ER mechanisms that are hypothesized to be significantly related to DD. We then test the complete framework using structural equation modeling (SEM) in a sample of adults with type 1 diabetes (T1D). We hypothesize a single generic ER measurement construct composed of three ER mechanisms derived from the review presented above (nonjudgment of emotions, nonreactivity to emotions, emotional processing). As a test of the framework, we then hypothesize significant pathways of association between ER and personal control with DD, Fig. 1 . An emotion regulation -diabetes distress framework. and significant pathways between DD, disease management and HbA1C, as illustrated in Fig. 2 .
Methods

Patients
Using patient registries and contacts with local online groups, we recruited T1D patients from community and academic settings in California (San Francisco Bay Area, Los Angeles, Sacramento, San Diego), Tucson, Arizona, Portland, Oregon, and Toronto, Canada. Inclusion criteria were: patient ! 19 years of age, diagnosis of T1D for at least 12 months, ability to read, write and speak English, mean item score of ! 2 on the T1-Diabetes Distress Scale (T1-DDS) indicating at least moderate DD, a recently recorded HbA1c ! 7.5%, no severe complications (e.g., end-stage renal disease), absence of psychosis or dementia, and availability of a computer with Internet access for online assessment.
Procedure
The data collected for this report were based on baseline, preintervention assessment for a study called T1-REDEEM (Reducing Distress and Enhancing Effective Management). This was a randomized clinical trial to test the relative effectiveness of two interventions to reduce DD among distressed T1Ds with elevated HbA1C.
Human subjects approval was received at each site from the appropriate university or community review board. Recruitment involved a combination of opt-in and opt-out procedures, based on the requirements of the site institutional review board. For sites that approved an opt-out procedure, the research team mailed letters to each patient on the registry informing them of the study and telling them that a project representative would contact them by phone within two weeks unless they opted out of the call by returning an enclosed post card or calling an 800 number. For sites requiring an opt-in procedure, letters were mailed to patients on the registry describing the project. Those interested were encouraged to call our 800 number. During contact with patients identified by both recruitment procedures, the project was explained, informed consent was obtained, and screening commenced, including administration of the T1-DDS and permission to obtain their latest clinic recorded HbA1C. If a timely HbA1C was not available (within three months), a pre-paid lab slip was mailed to the participant for collection at a local facility. All recruited and consented patients were then sent an email with a unique personal code to access the HIPAA-protected online survey. Upon completion of the survey and a recorded HbA1C, patients received a $25 gift card for their time. Data were collected in 2015-2016 and analyzed in 2017.
Measures
Patient age in years and number of complications from a list of 14 [23] were recorded.
Three scales were selected as potential contributors to the ER construct, based on the review of ER mechanisms above. The NonJudging of Inner Experience Scale (NonJudge) is an 8-item subscale (alpha = 0.95) from the Five Facet Mindfullness Scale [21] . Items are reversed-scored on a 5-point scale from "never or rarely true" to "very often or always true," and include, "I tell my self that I shouldn't be feeling the way I am feeling" and "I think some of my emotions are bad or inappropriate and I shouldn't be feeling them." The Nonreactivity to Inner Experience Scale (NonReact) is a 7-item subscale (alpha = 0.89) from the Five Facet Mindfullness Scale [21] . Items include, "I perceive my feelings and emotions without having to react to them," and "When I have distressing thoughts or images I can just notice them and then let them go." The Emotional Processing Scale (EmotProc) is a 4-item subscale (alpha = 0.87) from the Emotional Approach and Coping Scale [24] . Items are scored on a 4-point scale from "I haven't been doing this at all" to "I've been doing this a lot," and include, "I take time to figure out what I am feeling," and "I realize that my feelings are valid and important." These three scales reflect acceptance of emotion without self-criticalness; non-impulsive, planned reactions to emotions; and engagement with and understanding emotions.
Because ER and cognitions interact to affect DD, we included the Personal Control subscale from the Revised Illness Perception Questionnaire [25] as a generic surrogate to assess disease-related cognitions. It is a 6-item scale (5 response options from "strongly disagree" to "strongly agree" "alpha = 0.90", with items such as, "I have the power to influence my disease," and "The course of my illness depends on me." Two items are reverse scored.
T1-DDS is a 28-item scale (alpha = 0.91) [26] that assesses overall level of DD. There are six response options from "not a problem" to "a very serious problem." Items include, "Feeling discouraged when I see high blood glucose numbers that I cannot explain" and "Worried that I will develop serious long-term complications no matter how hard I try."
Self-management behavior was assessed by self-reports of two common management tasks: missed insulin boluses and frequency of blood glucose checks per day over the past week. Participants were asked: "How many times did you typically miss or skip a bolus that you probably should have taken during a typical day over the past week?" and "How many times did you typically check your blood sugar during a typical day over the past week?" Responses were from 0 to 10 or more.
Laboratory-assessed HbA1c was obtained from clinic records for tests within 3 months of survey completion or, if unavailable, through a lab slip provided by the project. Number of hypoglycemic episodes (defined as blood glucose < 70 mg/dl) in the past 7 days were self-reported.
Although not included in Fig. 2 , we also included a measure of depression symptoms. The Patient Health Questionnaire 8 (PHQ8) [27] is an 8-item scale with each item linked to a depression symptom defined by the DSM-V as part of Major Depressive Disorder. The suicide item was omitted, which does not affect the scale's reliability or validity.
Data analysis
SEM was used to examine hypothesized relationships between the ER latent factor, personal control, DD, diabetes management and glycemic control variables (Fig. 2) . Models were estimated using Mplus software (version 6.1). Mplus uses an Expectation Maximization algorithm that allows for the handling of missing data, enabling the inclusion of all participants' data in the analyses. Analyses were specified to estimate regression parameters, covariances, means, and variances.
A preliminary, saturated measurement model was first specified to evaluate the tenability of the theoretical ER latent factor, which was hypothesized to be comprised of three observed variables: NonJudge, NonReact, and EmotProc. A second model was specified to relate the ER latent factor to DD. Then a full model was specified to provide a more comprehensive picture of the hypothesized relations between ER, cognitions, DD, and the other variables in the model. The final model included age and diabetes complications as covariates, and covaried the two glycemic control variables, the two diabetes management variables, DD, and the ER latent construct with the observed personal control variable. Specific indirect effects were estimated and tested for all combinations of paths leading from ER and personal control, to the glycemic control variables.
Results
Across all sites, 347 patients were eligible after baseline assessment, and of these, 301 (86%) participated. There were no significant differences between those patients who were eligible and agreed to participate and those eligible who declined on gender, ethnicity, education, and insulin use. However, those who participated reported significantly higher T1-DDS scores (mean = 2.9, SD = 0.6) than those who did not (mean = 2.7, SD = 0.9); t (528) = 3.20, p = 0.001. Across all sites, average age was 45.05 (15.0) years, education was 15.4 (3.6) years, percent female was 69.1%, mean DD score was 2.9 (.6), and mean HbA1C was 8.8 (1.1). As expected, significant differences in diabetes status and demographics occurred across sites to assure a diverse sample (Table 1) .
Hypothesis 1: forming a latent ER construct
The three ER measures loaded significantly on a single latent factor, making it a viable and reliable indicator. Table 2 .
Hypothesis 2: testing the model
The pathway between ER and DD was significant (b = À0.36; p < 0.001), as was the pathway between personal control and DD (b = À0.14, p = 0.01). Higher levels of both ER and personal control were associated with lower DD. In turn, lower DD was significantly associated with fewer missed insulin boluses (b = 0.19, p = 0.001), which was linked with lower HbA1c (b = 0.23, p < 0.001). While DD was not directly linked with blood glucose monitoring, greater frequency of monitoring was associated with both lower HbA1c (b = À0.25, p < 0.001) and fewer hypoglycemic episodes (b = 0.28, p < 0.001). HbA1c and number of hypoglycemic episodes were significantly negatively correlated (r = À0.25, p < 0.001). Age and diabetes complications were significantly correlated with most Younger age and more complications were significantly associated with lower ER, higher DD, and poorer management and glycemic control. As hypothesized, only one specific indirect pathway from ER to HbA1c was significant-the path from ER to DD to missed boluses to HbA1c (b = À0.02, p = 0.02).
The final full model explained 70% of the variance in NonJudge, 29% in NonReact, 21% in DD, 18% in HbA1c, 9% in missed insulin boluses, 9% in hypoglycemic episodes, 7% in blood glucose monitoring, and 3% in EmotProc. EmotProc loaded significantly on the latent factor, but the variance explained by this variable in the model was nonsignificant.
Additional analyses: the impact of depression symptoms
Given the reported interactions between DD and depression symptoms [28] , we also had the opportunity to investigate the impact of depression symptoms in the tested models. We ran the same SEM in two ways: first by substituting PHQ8 for T1-DDS, and second by including both PHQ8 and T1-DDS in the same model.
The model substituting PHQ8 for T1-DDS demonstrated a good fit to the data: (x 2 (26) = 23.35, p = 0.61, CFI = 1.00, TLI = 1.02, and RMSEA = 0.000). There was a significant pathway between ER and depression symptoms (b = À0.64, p < 0.001), and between depression symptoms and missed boluses (b = 0.12, p = 0.03). In contrast to the DD model, however, the pathway between personal control and depression symptoms was nonsignificant; and age and number of complications were unrelated to depression symptoms. Also, there was no significant pathway from both ER and personal control through DD to the diabetes management variables. Thus, although ER was linked to depression symptoms, there was no significant pathway to management and metabolic outcomes.
The second supplemental analysis included both depression symptoms and DD in the same model. It too yielded a good fit to the data: x 2 (30) = 26.52, p = 0.65, CFI = 1.00, TLI = 1.02, and RMSEA = 0.000. Although DD and depression symptoms were significantly related to each other (r = 0.43), and ER was significantly related to both DD (b = À0.36, p < 0.001) and to depression symptoms (b = À0.63, p < 0.001), personal control was significantly associated only with DD (b = À0.14, p = 0.01). Most importantly, only DD was significantly related to missed boluses (b = 0.17, p = 0.01), not depressive symptoms. There was one significant indirect effect, from ER to DD to missed insulin boluses to HbA1c (b = À0.02, p = 0.03); depressive symptoms was not significantly included in these relationships. Thus, only DD carried the pathway from ER to skipped boluses to glycemic outcomes, not depression symptoms.
Discussion and conclusion
Discussion
In a sample of distressed T1Ds with elevated HbA1C, we identified three emotion regulation mechanisms that coalesce into a single, coherent ER factor linked with DD: NonReact, NonJudge and EmotProc. As hypothesized, patients with higher DD tend to make critical self-judgments about their emotions, react to them impulsively or ruminatively and without a plan, and are rarely consciously aware or mindful of their emotional experiences related to diabetes.
Following Hypothesis 2, our findings conform with the general ER literature [16] to suggest that there is a significant pathway from both ER and cognitive processes to DD, followed by subsequent significant linkages to diabetes management and glycemic outcomes. This significant pathway documents the important role that ER plays as a precursor to the known linkages from DD, management and glycemic control. Patient age and number of complications affect these processes, with greater significance for younger patients and those with more diabetesrelated complications.
A number of existing diabetes-related interventions have been used to address DD; unfortunately, they do so indirectly [6, [29] [30] [31] . That is, although many highlight issues concerning the emotional side of diabetes, they do not necessarily target specific ER mechanisms for intervention. For example, the Stanford Chronic Disease Management Program [32] addresses the feelings, beliefs and expectations that are tied to diabetes self-efficacy, but the program does not directly target modifications in the use of ER mechanisms to help reduce DD. From our review, only general mindfulness-based approaches target at least some of these mechanisms directly [33] . What is needed now are efforts to identify other ER mechanisms that may be relevant, followed by the development of targeted intervention programs to help patients improve the adaptive use of ER to alleviate or drastically reduce DD.
We also find that, although depression symptoms and DD are significantly correlated, they act differently with the other variables in the models. Unlike the significant ER to DD to HbA1C pathway, the similar pathway from ER to depression symptoms to HbA1C is not significant; and the significant impact of ER on depression symptoms is eliminated when DD is added to the model. Similar findings have been reported elsewhere [34, 35] . Thus, the emotional distress reflected by depression symptoms may primarily be due to the burdens and concerns that result from diabetes and its management, as reflected by DD, and not necessarily by psychopathology.
Several study limitations should be acknowledged. First, the data submitted to the models are cross-sectional. Thus, causation cannot be implied. Further exploration with longitudinal data is needed. Second, the sample only included adults with T1D who had both high DD and elevated HbA1C. It is unclear how the models would operate when patients with a fuller range of DD and HbA1C are included; however, a more complete range would better explicate the potential application of ER across the entire range of diabetes experience. Last, we only explored the impact of three potential ER mechanisms. The impact of other ER mechanisms should be explored.
Conclusion
Although the relationship between DD and diabetes-related outcomes has been well-documented in both cross-sectional and longitudinal studies, the emotional processes and mechanisms that serve as precursors to DD have remained largely unexplored. Our results indicate that the ways in which patients with T1D regulate their diabetes-related emotions have a direct impact on their level of DD, with implications for subsequent self-management and metabolic outcomes. These findings suggest the importance of at least three ER mechanisms that can serve as targets for intervention and prevention to reduce DD and enhance diabetes management and quality of life.
Practice implications
These findings suggest new approaches to intervention and DD risk assessment. Although it is critical to document a patient's level of DD in clinical care, it may be equally important to identify the emotional mechanisms that underlie the expression and experience of a patient's DD. Are patients even aware of their underlying diabetes-related emotions? Do they react to them impulsively and without reflection? Do they devalue their importance or become self-blaming? Examining these mechanisms is a critical next step in clinical inquiry because doing so creates a point of entry into the very processes that lead to DD. Because the literature suggests that ER tends to be stable over time, evaluation of these mechanisms also enables the identification of individuals at risk for DD before the stresses and burdens of care increase.
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